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Abstract 
 
Knowledge of the equatorial thermocline is essential for understanding climate changes 
in the tropical Pacific. Analyses of multispecies planktic foraminifers provide a way to 
examine temperature distributions and thus the equatorial thermocline. Although the 
secular thermocline development can date back to the late Miocene, Oligocene and the 
early to middle Miocene intervals have rarely been examined. In addition, an accurate 
understanding of the upper water column structure largely depends on knowledge of fossil 
foraminiferal depth habitats. In this study, I examine the Oligocene to Miocene planktic 
foraminiferal stable isotopes and faunal assemblage in the equatorial Pacific in order to 
investigate Oligocene planktic foraminiferal depth habitats and to reconstruct the 
equatorial thermocline history (depth and tilt) during Oligocene through the early to middle 
Miocene. 
In Chapter 1, I reveal isotopic records of D. venezuelana along with Paragloborotalia 
siakensis (a mixed-layer dweller) by using sediments at Integrated Ocean Drilling Program 
(IODP) Site U1334 in the Eastern Equatorial Pacific (EEP) throughout the Oligocene. A 
two-step depth habitat change of D. venezuelana is apparent: 1) from upper to lower mixed 
layer (~27.4 Ma); and 2) from lower mixed layer to thermocline depth (~26.3 Ma). In 
addition, the planktic foraminiferal faunal assemblage experienced a marked change from 
dominantly thermocline (deeper) species to abundant mixed-layer (shallower) species, 
suggesting that depth habitat shifts of D. venezuelana were clearly related to thermocline 
deepening in the EEP. Comparison of the first isotopic shift (~27.4 Ma) at multiple sites 
(U1334, U1333, and 1218) revealed a southward depth habitat change of D. venezuelana 
within ~200 kyr, implying overall thermocline deepening with reduced steepness in the 
EEP. I consider that global warming conditions during the late Oligocene likely caused 
thermocline deepening with upwelling decrease in the EEP, guiding D. venezuelana to 
adapt to greater depths in the water column. 
In Chapter 2, I investigate the vertical thermal gradient in the upper water column at 
IODP Site U1337 in the EEP throughout the early to middle Miocene. The gradient 
increased over the Miocene Climatic Optimum, whereas it decreased during the East 
Antarctic Ice Sheet Expansion (EAIE). Comparison of the EEP record with its Western 
Equatorial Pacific (WEP) counterpart suggested that sea surface temperature was more 
stable in the WEP than in the EEP. I further estimated equatorial thermocline from two 
diagonal gradients between the EEP and the WEP: thermocline shoaled from 16.7 to 15.7 
Ma and thermocline tilt weakened between 16.5 and 13.8 Ma. Closures of low-latitude 
gateways (the Indonesian Throughflow and the Central American Seaway) and the reduced 
Antarctic ice sheet volume would have affected thermocline depth and tilt, respectively. 
Thermocline depth was likely much deeper compared to Pliocene-to-modern conditions. 
Furthermore, a 4-point-based distribution of isotherms (4DI index) was used as a metric of 
the evenness or unevenness of the isotherm distributions. The 4DI index considerably 
reduced across the EAIE, reflecting the evenly distributed isotherms under a fully glaciated 
Antarctica. 
Overall, thermocline tilt reduced during the late Oligocene and the early Miocene (~ 
27.4 Ma, ~26.3 Ma, and ~16.5 Ma) and steepened during the middle Miocene (~13.8 Ma). 
My results suggest that a global warm (or cool) climate influences gradual (or steeper) 
thermocline tilt in the equatorial Pacific via a decay (or development) of the Antarctic ice 
sheet. Thus, further examination of the equatorial thermocline in tandem with foraminiferal 
paleoecology will give valuable insights into foraminiferal evolution in parallel with global 
climate change. 
